In classical fear conditioning, a neutral conditioned stimulus (CS) is paired with an aversive unconditioned stimulus (US), which leads to a fear memory. If the CS is repeatedly presented without the US after fear conditioning, the formation of an extinction memory occurs, which inhibits fear memory expression. A previous study has demonstrated that selective cholinergic lesions in the medial septum and vertical limb of the diagonal bands of Broca (MS/vDBB) prior to fear and extinction learning disrupt contextual fear memory discrimination and acquisition of extinction memory. MS/vDBB cholinergic neurons project to a number of substrates that are critical for fear and extinction memory. However, it is currently unknown which of these efferent projections are critical for contextual fear memory discrimination and extinction memory. To address this, we induced cholinergic lesions in efferent targets of MS/vDBB cholinergic neurons. These included the dorsal hippocampus (dHipp), ventral hippocampus (vHipp), medial prefrontal cortex (mPFC), and in the mPFC and dHipp combined. None of these lesion groups exhibited deficits in contextual fear memory discrimination or extinction memory. However, vHipp cholinergic lesions disrupted auditory fear memory. Because MS/vDBB cholinergic neurons are the sole source of acetylcholine in the vHipp, these results suggest that MS/vDBB cholinergic input to the vHipp is critical for auditory fear memory. Taken together with previous findings, the results of this study suggest that MS/vDBB cholinergic neurons are critical for fear and extinction memory, though further research is needed to elucidate the role of MS/vDBB cholinergic neurons in these types of emotional memory.
Introduction
When animals are exposed to a conditioned stimulus (CS), such as a tone, that is paired with an unconditioned stimulus (US), like a footshock, they exhibit fear behavior to the tone because the tone predicts the footshock. This phenomenon is referred to as fear conditioning (Fanselow & Wassum, 2015; Maren, 2001; McGaugh, 2004; Pare, Quirk, & Ledoux, 2004; Pavlov, 1927; Phillips & LeDoux, 1992; Rothbaum & Davis, 2003) . Fear extinction is a phenomenon in which a fear CS is repeatedly presented without the US. As a result of this procedure, learning that the CS no longer predicts the US occurs (i.e. inhibitory extinction memory) (Bouton, Westbrook, Corcoran, & Maren, 2006; Estes & Skinner, 1941; Maren & Holmes, 2015; Orsini & Maren, 2012; Quirk, Garcia, & Gonzalez-Lima, 2006; Rescorla, 2001; Rothbaum & Davis, 2003) . Enhancements in fear memory and deficits in extinction memory have been observed in emotional disorders such as posttraumatic stress disorder (PTSD) and specific phobia (Bowers & Ressler, 2015; Maren & Holmes, 2015; Milad et al., 2008; Milad, Rauch, Pitman, & Quirk, 2006; Rothbaum & Davis, 2003) . Thus, examining the neurobiology of fear and extinction memory is critical to treating these emotional disorders.
A number of studies have implicated the ventral medial prefrontal cortex (vmPFC), hippocampus (Hipp), and amygdala nuclei in fear and extinction memory (Bouton et al., 2006; Fanselow & Wassum, 2015; Likhtik, Popa, Apergis-Schoute, Fidacaro, & Pare, 2008; Maren & Holmes, 2015; Maren, 2001; Maren, Phan, & Liberzon, 2013; Orsini & Maren, 2012; Pare et al., 2004; Quirk et al., 2006; Zelikowsky et al., 2013) . However, recent studies have identified relatively novel neural substrates that are critical for fear and extinction memory. Medial habenula input to the interpeduncular nucleus is critical for inhibition of fear memory (Zhang et al., 2016) and the paraventricular nucleus of the thalamus may be critical for long-term maintenance of fear memory
